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@ Magnetic tape memory apparatus using helical scan scheme.

@ In a magnetic tape memory apparatus using
helical scheme including a first pair of magnetic
c&lheads (203a, 203b) disposed on a rotary drum at an
interval of 180 degrees so as to oppose each other,
®Na second pair of magnetic heads (203c, 203d) dis-
c,posed on the rotary drum (202) at an interval of 180
degrees so as to intersect the direction of the first
gpair of magnetic heads (203a, 203b), magnetic tape
mhlically wound around the rotating drum (202) over
an angle of 90 degrees, azimuth recording being
performed by the above described heads having
Q. wider gap (W1) width than track pitch (P) recorded
W on the tape without providing a guard band, digital
signals of each track having a tracking control signal
region and a data signal region separated each other

being recorded, the data signal and the tracking
control signal being recorded by the first magnetic
heads (203a, 203b) when newly recording data onto
the tape, the second magnetic heads (203c, 203d)
being capable of successively reproducing the re-
cording track immediately after recording, there is
provided a magnetic tape memory apparatus
wherein the second magnetic heads (203c, 203d)
are used exclusively for reproduction and are posi-
tioned with a downward shift in the height direction
of the drum (202) equivalent to half of scanning
width of the second magnetic heads (203c, 203d) as
compared with the first magnetic heads (203a,
203b), delay means for delaying a signal reproduced
by the second magnetic head (203c, 203d) by a
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time corresponding to 80 degrees of rotation of the
drum (202) is provided, a group is formed by a
plurality of the tracks, and recording data are read
and written by taking the group as unit. and when
data already recorded on the track are to be rewrit-
tfen, a fracking control signal region in the recorded
data is not rewritten but only a data region is rewrit-
ten by synchronizing the first magnetic heads (203a,
203b) by means of the delay means while perform-
ing reproduction operation by means of the second
magnetic heads (203c, 203d). In addition, there is
provided such a magnetic tape memory apparatus
wherein the above described shift is adjusted to an
arbitrary value with respect to the scanning width of
the heads. and a signal representing an amount of
off-track discriminated from a fracking signal read
out from the tracking control signal region is pro-
vided with an offset.
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MAGNETIC TAPE MEMORY APPARATUS USING HELICAL SCAN SCHEME

BACKGROUND OF THE INVENTION

The present invention relates to a magnetic
tape memory apparatus of helical scan scheme for
recording digital data, and in particular to such a
scheme suitabie for rewriting data already record-
ed.

A magnetic tape apparatus of helical scan type
provides a higher recording density than that of a
magnetic tape apparatus of fixed head type. There-
fore, magnetic tape apparatuses of helical scan
type are widely used in fields needing a large
quantity of information such as the VTR field. Be-
cause of advancement of the VTR technique in
recent years, domestic VTR are produced in large
quantities and at reasonable costs and are popular-
ized significantly. Further there is a digital audio
tape recorder system (R-DAT) for
recording/reproducing PCM  signals of music
onto/from tape stored in a cassette case. In this
DAT, digital signals are recorded. The tape cas-
sette is as small as 73 mm (width) x 54 mm
(depth) x 10.5 mm (height) and permits stereo-
phonic sound recording for up to two hours. And
the tape cassette has a capacity of approximately
1.4 Gbyte when converted in bytes. The DAT has
search function capable of reproducing and gaining
access to tape while running the tape at high
speed. Thus the DAT is suitable to use as external
memory apparatuses. By using this DAT technique,
it is possible to realize an inexpensive magnetic
tape memory apparatus having a large capacity.
The DAT will now be described. Fig. 1 is a sche-
matic configuration diagram of a tape traveling sys-
tem. In Fig. 1, numeral 1 denotes a rotating drum,
2a and 2b magnetic heads attached to the drum 1
differing each other in azimuth angle by 20 de-
grees, 3 magnetic tape, 4a, 4b and 4c respectively
guide posts, a capstan and a pinch roller included
in tape traveling means for winding the tape 3
around the drum 1 and traveling the tape 3, and 5
a tape cassetts. The tape 3 is 3.81 mm in width
and 13 um in thickness. With respect to standards,
there are several modes depending upon the sam-
pling frequency of A-D conversion, the number of
bits per word and the number of channels. How-
ever, a standard mode will now be described. The
tape 3 is driven by the capstan 4b and the pinch
roiler 4c at a traveling speed of 8.15 mm/sec. The
drum 1 is rotated at 2,000 rpm. While the tape 3 is
slantly wound around the drum 1 over a 90 degree
range with a lead angle of 22 minutes and 6
degrees to travel by the traveling means 4a, sig-
nals are recorded onto/reproduced from the tape
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by the magnetic heads 2a and 2b. A pattern on
recording tracks thus recorded on the tape is
shown in Fig. 2. In Fig. 2, numeral 6 denotes a
track recorded by the magnetic head 2a and nu-
meral 7 denotes a track recorded by the magnetic
head 2b. The track pitch P, the track length L and
the recording width Wg are 13.581 um, 23.501 mm
and 2.613 mm, respectively. Fig. 3A shows the
recording format on the magnetic tape. One track
has 196 tracks. PCM signals comprising 16 bits per
word are divided into 8-bit groups (symbols) and
recorded. As shown in Fig. 3B, one block includes
a datum occupying 32 symbols, a synchronization
signal (SYNC) occupying one symbol, an ID code
occupying one symbol, a block address occupying
one symbol and a parity code occupying one sym-
bol for detecting errors caused in the ID code and
the block address. That is to say, one block in-
cludes 36 symbols in total. The ID code is a signal
for discriminating the sampling frequency, the num-
ber of channels and the like of the PCM signal. in
one track, 128 blocks of the PCM signal are ar-
ranged in a control portion having a tape winding
angle of approximately 60 degrees. On both sides
of the central portion, a region for recording an
ATF signal used for tracking control is provided.
Further, on. both sides of the ATF signal region, a
subcode having 16 blocks is disposed so as to
have 8 blocks on each side. In the subcode region,
sequence of program, time and the like are re-
corded. The subcode region has the same block
configuration as that of the PCM signal region.
Reliability of data is a very important factor in
memory apparatuses of computers. When data are
to be recorded in a flexible apparatus or a fixed
magnetic disk apparatus, therefore, data to be re-
corded are first recorded onio a magnetic disk, and
the data are then reproduced to confirm that the
data are correctly recorded. If there is an error, the
data are recorded again or recorded in an alternate
sector to perform verification operation. In order to
improve the reliability of data, error correction

~ codes are used in the DAT and the PCM recorder.

Even if an error which cannot be corrected is
caused at a rate of, say, approximately once every
30 minutes, it cannot be said that this error is fatal.
Therefore, error correction codes alone suffice and
it is not necessary to confirm the recorded data. In
case of use as an external memory apparatus of a
computer, however, any minute error may be fatal.
For avoiding a defect on the magnetic tape and
false recording due to an invasion of a foreign
substance, therefore, it is indispensable to check
whether data are correctly recorded. Further, it is
necessary to partially correct data already recorded
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and write the corrected data at the same [ocation
as that of the original data and link data together
afterwards to record them. Examples relating to
checking whether recording has been correctly per-
formed in the helical scan type and after recording
are described in JP-A-58-122606, JP-A-61-139909,
and JP-A-59-195306.

In the helical scan type. the magnetic tape
travels at a constant velocity. A recording track is
formed by adding the velocity vector of the rotating
drum to that of the tape. in case continuous record-
ing operation is performed in the conventional
magnetic head configuration, the magnetic head
automatically moves to the next track, and hence it
is not possible o reproduce and confirm the re-
corded data. It is not desirable to drive the tape
intermiftently because it not only casts a heavy
burden upon the tape drive and control apparatus
but also requires start time and stop time. Further,
it is also possible to rewind the magnetic tape and
then travel the tape again fo reproduce data for the
purpose of reproducing and confirming the data
recorded once. However, it takes a long time to
rewind the tape and restart fraveling and hence the
data confirmation in such a form is not practical.
The verifying function is attained by using a com-
posite head comprising a recording head and a
reproducing head united in one body and by re-
producing immediately after the data recording to
compare the recorded contents with the repro-
duced contents. Since the reproduced signal is
weak, however, it is difficult to reproduce data while
recording data because of a crosstalk problem.

Therefore, it is necessary to make the distance
angle beiween the recording head and the re-
producing head equal to or larger than the record-
ing angle onto the tape (corresponding to the wind-
ing angle). In the DAT, azimuth recording is per-
formed. That is to say, data are alternatively re-
corded on tracks without providing a guard band. In
general, the recording width (corresponding to the
gap width W+) of the magnetic head is larger than
the track pitch P. In the reproduction operation, the
amount of off-track is detected by using the above
describped ATF signal, and a negative feedback
closed loop is so configured to control the fape
traveling that the center of the gap of the reproduc-
ing head in the width direction of the gap may
come to the center of the recording track. Since
the gap width Ws of the magnetic head is larger
than the track piich P, however, writing operation of
data onto one track shaves its preceding and suc-
ceeding tracks. Once data have been recorded,
therefore, it is difficult to rewrite only one track or
only one portion within one track. If a group is
constituted by a plurality of tracks and data are
rewritten while taking one group as unit, such a
problem is solved. If the ATF signal region for
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tracking control is also rewritten, however, there is
a problem that adjacent groups might be eroded in
rewriting data many times because of difference
between the tape velocity and the rotation velocity
of the cylinder and expansion caused by the tem-
perature difference.

SUMMARY OF THE INVENTION

An object of the present invention is to provide
a highly reliable magnetic tape memory apparatus
free from the above described problem and provide
a magnetic tape memory apparatus capable of
correctly reproducing data rewritten in after record-
ing operation effected upon an already recorded
portion as well without causing disturbance in the
tracking control signal over a plurality of groups.

Another object of the present invention is to
provide a magnetic tape memory apparatus ca-
pable of performing the verifying operation nor-
mally in after recording operation as well without
reproducing old data recorded with identical azi-
muth.

The above described object is achieved by
making the winding angle of the tape around the
rotating cylinder and the recording angle 90 de-
grees, disposing a first pair of magnetic heads
having mutually different azimuth angles on the
rotating cylinder at an interval of 180 degrees,
disposing a second pair of magnetic heads having
mutually different azimuth angles so as to be per-
pendicular to the first pair of magnetic heads and
displaced from the first pair of magnetic heads by
half of the scanning track width in the height direc-
tion of the cylinder in order to displace the second
magnetic heads by half of the scanning track width
of the second magnetic heads, constituting a group
from a plurality of tracks, performing the data
writing/reading operation while taking a group as
unit, and rewriting only the data region excepting
the ATF region by means of the first magnetic
heads while performing tracking control by means
of a tracking control signal obtained from the above
described ATF signal reproduced by the second
magnetic heads when a track is to be rewritten.

In accordance with another aspect of the
present invention, the above described object is
achieved by making the winding angle of the tape
around the rotating cylinder and the recording an-
gle 90 degrees, disposing a first pair of magnetic
heads having mutually different azimuth angles on
the rotating cylinder at an interval of 180 degrees,
disposing a second pair of magnetic heads having
mutually different azimuth angles so as to be per-
pendicular to the first pair of magnetic heads, dis-
posing the second magnetic heads so that ends of
them opposite to the tape traveling direction of the
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scanned track may be located within the first re-
cording track, constituting a group from a plurality
of tracks, performing the data writing/reading op-
eration while taking a group as unit, reproducing
data by means of the first magnetic heads to
detect the start position of the data region while
performing tracking control by means of a tracking
control signal obtained from the above described
ATF signal reproduced by the first or second mag-
netic heads when a group is to be rewritten, then
giving a predetermined amount of offset in tracking
control to a signal representing an amount of of-
ftrack discriminated from the tracking control signal
to intentionally cause off-track, controiling the scan-
ning track of the first magnetic head so as to make
it coincide with the recording track already re-
corded, and rewriting the data region alone by
means of the first magnetic heads without rewriting
the tracking control signal region already recorded.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view showing the path
along which a conventional DAT is guided to travel.

Fig. 2 is a track pattern diagram of the
conventional DAT.

Figs. 3A and 3B are recording format dia-
grams of the conventional DAT.

Fig. 4 is a partially broken side view showing
the structure of a drum containing a magnetic head
used in an embodiment.

Fig. 5 is a sectional view seen along a line
V-V shown in Fig. 4.

Fig. 6 is a sectional view seen along a line
VI-VI shown in Fig. 5.

Fig. 7 is a diagram for explaining the track
scanning of respective magnetic heads in the em-
bodiment.

Fig. 8 is a system block diagram of the
apparatus.

Figs. 9A, 9B and 9C are diagrams for ex-
plaining the after recording operation.

Fig. 10 is a trace locus diagram of a mag-
netic head in another configuration example.

Fig. 11 is a recording format diagram of a
tracking control signal showing the tracking
scheme of another embodiment.

Fig. 12 is the block configuration diagram of
a tracking control system for performing tracking of
the scheme shown in Fig. 10.

Fig. 13 is a configuration diagram showing
the group configuration of data.

Figs. 14A, 14B and 14C are diagrams for
explaining the after recording operation.

Fig. 15 is a connection diagram between a
rotary head used in an embodiment.
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DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

lllustrated embodiments of the present inven-
tion will be described hereinafter.

Fig. 4 is a partially broken side view showing
the structure of a drum whereon a magnetic head
used in an embodiment of the present invention is
mounted. Figs. 5 and 6 are respectively a top view
and a side view showing the structure of a rotating
drum whereon the magnetic head is mounted. Nu-
meral 201 denotes a fixed drum, 202 a rotating
drum, 203a and 203b first magnetic heads for
recording fixed to the rotating drum, and 203c and
203d second magnetic heads for reproduction. Nu-
merals 204 and 205 denote rotary transformers.
Numeral 206 denotes a rotating shaft, 207 a mag-
net which is a rotor of a motor, and 208 a motor
rotor coil. Numeral 209 denotes a detection sub-
strate whereon a coil for detecting the number of
revolutions of the motor, a Hall device for detecting
the rotation phase of the rotor 207 and a Hall
device for detecting one pulse signal (hereafter
referred to as tach pulse) per revolution of the
motor are mounted. Numeral 210 denotes a reed
for helically winding magnetic tape around the fixed
drum 201. The rotating drum 202 is fixed to the
rotating shaft 206. As shown in Fig. 5, the magnetic
heads 203a, 203b, 203c and 203d are disposed
around the rotation axis of the rotating drum 202 at
intervals of 90 degrees in the peripheral direction.
The magnetic heads 203a and 203b are disposed
on the outer peripheral face of the rotating drum
202 so as to have zero mutual level difference
between the lower ends of the head gaps in the
rotation axis direction. The magnetic heads 203c
and 203d are similarly disposed on the outer
pheriphery face of the rotating drum 202 so as to
have zero mutual level difference between the low-
er ends of the head gaps in the rotation axis
direction. (Deviation of the lower ends of the head
gaps is hereafter referred to as level difference.)
The magnetic heads 203a and 203c, and 203b and
203d respectively have the same azimuth values of
+20 degrees. Assuming that the traveling speed of
the tape is u m/sec, the rotation speed of the
magnetic head (i.e., the peripheral speed of the
drum) v m/sec, the number of revolutions of the
drum n rpm, the lead angle a degrees and the
spacing angle of the magnetic head 8 degress, the
track angle 6 degrees, the relative velocity V be-
tween the magnetic head and the tape, and the
track pitch P are represented as
V = (V2 + n? - 2uvcosa)

6 = tan~'(vsina/(vCosa - u))
P = Busing/én.

As shown in Fig. 6, the magnetic heads 203c

and 203d are attached onto the rotating drum 202
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via spacers 211. The indexing angle of each head
with respect {o the rotating drum 202 is 90 de-
grees. When the level differences on the outer
peripheral face of the rofating drum 202 in the
rotation axis direction between the magnetic heads
203a and 203b and between the magnetic heads
203c and 203d are zero, therefore, the magnetic

heads 203c and 203d scan the data with a shift .

equivalent to half of the track piich as compared
with the recording track of the magnetic heads
203a and 203b. The gap width of the magnetic
heads 203a and 203b is equal to that of the mag-
netic heads 203c¢ and 203d and is equivalent to
approximately 1.5 times the frack pitch.

Fig. 7 shows the position relationship of the
magnetic heads 203a, 203b. 203c and 203d with
respect to the scanning track. If there is a level
difference between the magnetic heads, the
amount of level difference becomes the shift of the
scanning pitch of the magnetic head. If the mag-
netic heads 203c and 203d are mounted to be
lower in the axis direction of the rotating drum 202
than the magnetic heads 203a and 203b with a
shift equivalent to half of the scanning gap width
W-. by adjusting the spacer 211, therefore, the
center ¢ of the gap of the magnetic head 203c as
shown in Fig. 7 coincides with the center a ofa
recording track left after a track recorded by the
magnetic head 203a preceding the magnetic head
203c is overwritten by the next recording head, i.e.,
the magnetic head 203b.

Fig. 8 is a system block diagram of a whole
apparatus of an embodiment including the heads
shown in Figs. 4, 5 and 6.

A host computer which is not illustrated is
connected to SCS! (small-size computer system
interface) 401. In recording operation, a RAM con-
troller 402 controlled by a system microcomputer
412 stores data sent from the host in a RAM 403
temporarily. A signal processing circuit reads out
again the data thus stored. An error correction
circuit 405 generates an error correction code. The
signal processing circuit 404 stores the data signal
and the error correction code into a RAM 406. The
error correction code is a doubly encoded Reed
Slomon Code in the same way as a conventional
DAT. In accordance with a recording format, the
signal processing circuit 404 reads out the data
signal, the error correction code and subcode data
generated by a subcode processing circuit 411.
After predetermined modulation has been applied,
a ftracking control signal generated by an ATF
generation circuit 408 and a synchronization signal
are added to the modulated signal in a multipiexer
409. The resultant signal is recorded onto magnetic
tape 413 via a recording amplifier 410 and a rotary
transformer by the magnetic heads 203a and 203b.
The recording format is based upon the recording
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. format of the conventional DAT shown in Figs. 3A

and 3B. Data are recorded into a PCM signal
region, and a group number, a frame number and
the like which will be described later are recorded
into a subcode region. The rotating drum 202 is
controlled in velocity on the basis of the detected
number of revolutions and controlled in phase so
that the tach pulse may be synchronized to a
reference signal. The rotating drum 202 is con-
trolled to rotate at a constant velocity by a drum
servo circuit 433. The tape 413 is also controlled to
rotate at a constant velocity by a capstan servo
circuit 432. The tape 413 is driven by a capstan
motor 434 to travel at a constant speed. Data are
recorded onto the tape by the magnetic heads
203a and 203b on the basis of the tach pulse.
Immediately after data have been recorded, a veri-
fying circuit 429 reproduces the data by using the
magnetic heads 203c and 203d and verifies wheth-
er data have been correctiy recorded. Although the
verification is performed by taking a group de-
scribed later as unit, it will not be described be-
cause it does not directly relate to the present
invention.

In reproduction operation, the signal repro-
duced by the magnetic heads 203c and 203d is
fed back to the capstan motor 434 on the basis of
the ATF signal for tracking control recorded at both
ends of the data signal. While tracking servo is
thus being performed, the signal is reproduced.
The reproduced signal is amplified in a reproduc-
tion ampilifier 420. The deterioration of characteris-
tics of the reproduced signal caused in the short
wavelength region of the magnetic head and the
magnetic tape is compensated in a waveform
equalization circuit 421. The resultant signal is sup-
plied to a data strobe circuit 422 to produce the
data and clock. On the basis of this signal, the
synchronization signal is detected and the timing
signal is generated in a synchronization signal de-
tection circuit 423 and a timing signal generation
circuit 424. In a demodulation circuit 425, data are
demodulated. A signal processing circuit 426 per-
forms operation of error detection and correction
by using an error correction circuit 427. After the
corrected data signal is stored in the RAM 403, it is
sent to the host computer via the SCSI interface.

The recording, reproducing and rewriting op-
eration using the above described system will now
be described.

When data are to be newly recorded, data are
recorded by one 203a (203b) of the first magnetic
heads as shown in Fig. 7. An immediately preced-
ing recording track is then reproduced by one 203c
(203d) of the second magnetic heads having the
same azimuth angle. While checking whether data
are correctly recorded, data are successively re-
corded by the first magnetic head 203a (203b).
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Since the gap width W of the magnetic head is
larger than the track pitch P, the recorded width is
overwritten by an amount corresponding to the
difference between the gap width Ws and the track
pitch P when the next track is recorded. Since the
above described second magnetic heads 203c and
203d are mounted with a shift equivalent to half of
the gap width W of the second magnetic heads in
the height direction of the rotating cylinder as com-
pared with the first magnetic heads 203a and 203b,
centers ¢ and d’ of the gaps 203c and 203d of the
second magnetic heads coincide with centers a
and b of recording tracks which are left after
recording tracks 101a and 101b recorded by the
first magnetic head 203a and 203b preceding the
gaps 203c and 203d are overwritten by the next
recording heads 203b and 203a. In the reproduc-
tion operation, a signal based upon a signal repre-
senting the amount of off-track obtained from the
ATF region is fed back to the capstan motor for
traveling and driving the tape to control the rotation
of the capstan motor. Tracking control is thus per-
formed so that the gap centers ¢ and d of the
second reproducing magnetic heads 203c and
203d may coincide with centers of the recording
tracks 101a and 101b.

Further, the operation of rewriting the already
recorded data, i.e., so-called after recording opera-
tion is shown in Figs. 9A, 9B and 9C.

When a group is to be rewritten, the second
magnetic heads 203c and 203d performs the re-
production to effect the tracking control, and the
first succeeding magnetic heads 203a and 203b do
not perform the tracking control but record only the
data region with the exception of the ATF region.
The second magnetic heads 203c and 203d are
positioned at centers of the recording tracks by
tracking control. And the space between them and
gap centers of the second magnetic heads 203c
and 203d and the succeeding first magnetic heads
203a and 203b are represented by the above de-
scribed equation. Thersfore, the recording track
which has been rewritten matches with the ATF
region which has not been rewritten. And the cen-
ter of the recording track which has been rewritten
coincides with the track center obtained from the
ATF signal.

At this time, the sequence of trace is repre-
sented as 203a - 203c - 203b - 203d - 203a - - .
While signals are reproduced by the reproducing
magnetic heads 203c and 203d to effect the track-
ing servo, signals are recorded into a portion cor-
responding to the data region by the recording
magnetic heads 203a and 203b at timing delayed
as compared with the reproduced signal by 80
degrees as shown in Fig. 9B. Gaps of the re-
producing magnetic heads 203c and 203d are posi-
tioned at centers of the recording tracks in the
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width direction by tracking servo. Left ends of the
gaps 203a and 203b of the recording magnetic
heads coincide with left ends of the recording
tracks in the width direction. Fig. 9C shows another
embodiment. While signals are reproduced by the
magnetic heads 203c and 203d to effect tracking
servo, signals are reproduced by the magnetic
heads 203a and 203b, and the terminating end of
the tracking control signal region is detected to
record the data region alone. From the reproduced
signals of the magnetic heads 203a and 203b, the
start point of the data region is detected in the
timing generation circuit 424 to rewrite the data
region. Since in this case the start point of the data
region is detected while the track itself to be rewrit-
ten is reproduced, the shift of the region can be
advantageously reduced.

Ancther configuration example of a magnetic
tape recording apparatus of helical scan type ac-
cording to the present invention will now be de-
scribed by referring to Figs. 10, 11 and 12.

In the structure of a cylinder used in this con-
figuration example, the second magnetic heads
203c and 203d for reproduction in the drum shown
in Figs. 4, 5 and 6 are so disposed that the ends of
their scanning tracks opposite to the tape traveling
direction may be positioned within a track recorded
by the first recording magnetic heads 203a and
203b which precedes the second magnetic heads
by 90 degrees.

in the configuration of Figs. 4, 5 and 6, the
second magnetic heads are mounted with a shift
equivalent to half of the scanning track width of the
first magnetic heads in the height direction of the
cylinder as compared with the first magnetic heads
203a and 203b, and adjustment is performed so
that the center of the track pitch width may co-
incide with the center of the gap width of the
second magnetic heads 203c and 203d for re-
production as aiready described. In the present
configuration example, however, the second mag-
netic heads are mounted with a predetermined
amount of shift by using the spacer 211 so that the
end of the second magnetic heads 203c and 203d
opposite to the tape ftraveling direction may be
focated within the track recorded in advance by a
predetermined value. Other portions are similar to
those of the above described cylinder configura-
tion. Further, the system blocks are also construct-
ed in the same way as those of Fig. 8 with the
exception of altered portion which will be described
later. Accordingly, identical portions will not be
described.

Fig. 10 shows position relationship among
scanning track loci of respective magnetic heads
after such adjustment that the track end of one of
the second heads 203c and 203d is positioned
inside the preceding first track by a predetermined
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value d.

Fig. 11 is a configuration diagram of the track-
ing control signal (ATF signal) area. An ATF signal
comprises signals having three frequencies. i.e., il
= 130 kHz, f2 = 522 kHz and f3 = 784 kHz. The
ATF signal is complete in four tracks. The signal fi
is a pilot signal for deriving a tracking error signal,
and f2 and f3 are synchronization signals for deriv-
ing the detection points of the pilot signal. One out
of a pair of magnetic heads records and repro-
duces f2, whereas the other records and repro-
duces 3. The tracking operation will now be de-
scribed. It is now assumed that the magnetic heads
203c and 203d are reproducing track B. At time (D
when the synchronization signal f2 is detected, the
crosstalk level of the pilot signal f1 on frack B is
detected and held. At time @ delayed from the
time (@) by a time corresponding to two blocks, the
crosstalk level of the pilot signal on track C is
detected and held. A tracking error signal compris-
ing the difference between values held at D and
@ is thus obtained. If a magnetic head travels
under the state that it is biased toward the A track
side, for example, the level of the pilot signal fl at
the point () becomes large. Accordingly, the
velocity of the capstan motor is so controlled that
the level difference of the pilot signal fi between
the points (1) and @ may become zero, resuiting
in accurate tracking. Fig. 12 is a configuration dia-
gram of a control circuit for performing the above
described tracking operation and corresponds to
portion Xl surrounded by a broken line in Fig. 8. A
signal supplied from the magnetic heads 203c and
203d is amplified in a reproduction amplifier 420,
and thereafter synchronization signals f2 and {3 are
extracted in a bandpass filier 701. The synchro-
nization signals f2 and f3 are detected in a syn-
chronization signal detection circuit 702, and a ref-
erence signal is sent {o a timing generation circuit
703. On the basis of this signal, timing signals S1
and S2 corresponding to the points ) and @
described by referring to Fig. 11 are generated in
the timing generation circuit 703 and sent o a hold
curcuit 704. On the other hand, only the pilot signal
fl is extracted in a lowpass filter 705, and the
amplitude level of the pilot signal is detected in an
envelope detection circuit 706 and supplied to the
hold circuit 704. In the hold circuit 704, the am-
plitude level of the pilot signal is held at timing St
and S2. Succeedingly, a signal corresponding to
the difference between two held values is detected
in a difference detection circuit 707 and supplied to
a differential amplifier 708 for adding an offset. A
switch circuit 709 is connected to the other input
terminal of the differential amplifier 708 to apply
voltage of a desired value to the differential am-
plifier. The output of the differential amplifier 708 is
supplied to a capstan motor conirol circuit 432 as
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an error signal. Depending upon the error signali,
the control voltage of the capstan motor is con-
trolled. And a negative feedback loop is so con-
structed that the output signal of the difference
detection circuit 707 may become equal to the
desired value. Tracking control is thus performed. It
is possible to provide an arbitrary off-track by
changing the voltage of desired value. In reproduc-
tion operation, the switch circuit 709 is so con-
nected that the detected difference output may
become zero. In the after recording operation, the
differential amplifier is connected to voltage of a
desired value causing such an offset that the left
ends of gaps of the magnetic heads 203a and 203b
coincide with edges of recording tracks.

In the configuration example shown in Figs. 10,
11 and 12, track servo is performed by using the
magnetic heads 203c and 203d. However, track
servo may be performed by using the magnetic
heads 203a and 203b.

Further in the present embodiment, the mag-
netic heads 203¢ and 203d are used in the re-
production operation. However, the magnetic heads
203a and 203b may be used alternatively.

In the after recording operation, signals are
reproduced by the magnetic heads 203c and 203d
or the magnetic heads 203a and 203b to perform
the above described tracking control. At the same
time, the switch circuit 419 is swiiched to the
magnetic heads 203a and 203b to perform re-
production. The start position of the data region is
detected by the synchronization signal detection
circuit 423 and the timing generation circuit 424,
and the data signal is recorded by the magnetic
heads 203a and 203b. The switch circuit 419 is
controlled by the timing generation circuit 424.

That is to say, signals are reproduced by the
second magnetic heads 203c and 203d to effect
tracking servo provided with offset, and the first
magnetic heads 203a and 203b are so controlled
that their left ends may coincide with a track to be
recorded. The track to be recorded is reproduced
by the magnetic heads 203a and 203b. The start
position of the data region is detected, and only the
data region is recorded.

Fig. 13 shows the configuration of a group
comprising a plurality of tracks used in the present
invention. In the present embodiment, one group
comprises 64 tracks and has an amount of informa-
tion of 128 kbytes. In data regions of three top
frames and one tail frame of each block, all-zero
data are recorded. The all-zero data form a gap for
absorbing disturbance of matching caused between
biocks when after recording or link recording is
performed by taking a group as unit. The operation
for rewriting a group of already recorded tape will
now be described. Figs. 14A, 14B and 14C are
diagrams for explaining the operation performed
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when a desired block is searched. Figs. 14A, 14B
and 14C show the tape velocity, the signal repro-
duced by the magnetic heads 203c and 203d and
the reproduced group number. The search opera-
tion is performed by effecting control so that the
relative velocity between the tape and the head
may become equal to that of normal reproduction
operation while traveling the tape at high speed.
Since the search operation does not directly relate
to the present invention, however, its description
will be omitted. The reproduction operation is en-
tered from a group immediately preceding or pre-
ceding a desired group. Until a group immediately
preceding the desired group is reached, pull-in
operation of tracking servo is completed. When the
desired group is reached, the timing generation
circuit 424 of Fig. 8 generates a recording gate by
delaying the signal reproduced by the magnetic
heads 203c and 203d by an amount corresponding
to the space between the recording head and the
reproduction head, i.e., 90 degrees. Recording is
started at a portion of ATF1 of the ATF region in
the recording format shown in Fig. 3A, which cor-
responds to the tail end of IBG. Only the data
region is overwritten to be rewritten. At this time as
well, the verifying operation described before is
performed. The tracking control is performed by
using the magnetic heads 203c and 203d. While
recording is performed, the tracking error signal is
held. Since the winding angle of the tape around
the drum is 90 degrees and the indexing angle of
the magnetic heads is also 90 degrees, two mag-
netic heads are simultaneously in contact with the
tape for an exiremely short time, the problem of
crosstalk being not posed. Scanning tracks of re-
spective magnetic heads are shown in Fig. 7.
When the magnetic head 203c, for example, is on
track as a result of tracking control, therefore, the
gap edge of the succeeding magnetic head 203b
coincides with the edge of the recording track
already recorded. As a result, the track center of
the data region after rewriting operation coincides
with the track center obtained from the ATF signal.
Because of a positioning error in tracking control
and mounting precision between drives of the mag-
netic heads, there might be a shift between the
track center of the data region and the track center
obtained from the ATF signal as a result of rewrit-
ing operation. Since the mounting position of each
magnetic head with respect to the drum is pre-
cisely adjusted, however, hindrance is not caused.
Since the scanning track width of the magnetic
head is larger than the track pitch at the last track
of the group, the next recording track is shaved.
Since this track is a gap track, however, hindrance
is not caused in the reproduction operation per-
formed thereafter. Further in a frack rewritten first,
the preceding recording track might be partially
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unerased. However, it is evident that hindrance is
not caused because the track is a gap track.

Fig. 15 shows an embodiment of a rotary trans-
former of the present apparatus. As described
above, the magnetic heads 203a and 203b are
used exclusively for recording, and the magnetic
heads 203c and 203d are used exclusively for
reproduction. Therefore, the magnetic heads for
recording are connected in series for one channel
of the rotary transformer. If a rotary transformer
having four channels is housed in a drum having
diameter of 30 mm, the transfer efficiency in the
transformer is lowered, resulting in a lowered qual-
ity of reproduced signals. Since the rotary trans-
former has only three channels in the present em-
bodiment, it is possible to minimize the degrada-
tion in transfer efficiency of the rotary transformer
caused by an increase in the number of heads.

When an already recorded portion undergoes
after recording in the present embodiment here-
tofore described, it is possible in tracking control to
rewrite only the data signal region so that the track
center indicated by the tracking control signal may
coincide with the center of the recording track
obtained after rewriting operation without changing
the operation performed in reproduction. Therefore,
data after rewriting operaticn can also be correctly
reproduced without causing disturbance of the
tracking control signal over a plurality of groups.
Further, four magnetic heads may comprise heads
having identical scanning track width. Further, each
magnetic head is used exclusively for recording or
reproduction. Accordingly, it is also possible to
optimize each gap length to  perform
recording/reproduction with high quality and im-
prove the reliability.

When an already recorded portion undergoes
after recording in the different embodiment, only
the data signal region is so rewritten that the track
center indicated by the tracking control signal may
coincide with the center of the recording track
obtained after the rewriting operation by performing
the tracking control with an offset. Therefore, the
data after rewriting operation can be correctly re-
produced without causing disturbance of the track-
ing control signal over a plurality of groups.

When all regions are newly recorded onto an
already recorded tape, the gap of the reproducing
head is located inside the track. Therefore, old data
recorded with identical azimuth are not reproduced.
In this case as well, the verifying operation can be
normally performed .
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Claims

1. A magnetic tape memory apparatus using
helical scan scheme including a first pair of mag-
netic heads (203a, 203b) having mutually different
azimuth angles disposed on a peripheral face of a
rotary drum {(202) at an angle interval of 180 de-
grees so as to oppose each other, a second pair of
magnetic heads (203¢, 203d) disposed on the pe-
ripheral face of the rotating drum (202) so as to be
perpendicular to the disposition direction of said
first magnetic heads (203a, 203b), magnetic tape
helically wound around an axis of the rotating drum
{202) over an angle of 90 degrees, said tape being
traveled while said rotating (202) drum being rotat-
ed, azimuth recording being performed by said first
magnetic heads (203a, 203b) having wider gap
width (W1) than track pitch (P) recorded on said
tape without providing a guard band. a plurality of
slant magnetic tracks formed for recording digital
signals by slantly scanning said magnetic tape
successively, and a tracking control signal for
tracking control in reproduction operation provided
with an area separated from that of the data signal
on each of said tracks, the data signal and the
tracking contro! signal being recorded by said first
magnetic heads (203a, 203b) when newly recording
data onto the tape, said second magnetic heads
{203c, 203d) being capable of successively re-
producing the recording track immediately after
recording, wherein
said second magnetic heads (203c, 203d) are used
exclusively for reproduction and are positioned with
a downward shift in the height direction of said
drum (202) equivalent to half of scanning width of
the second magnetic heads (203c, 203d) as com-
pared with said first magnetic heads (203a, 203b);
delay means for delaying a signal reproduced by
said second magnetic heads (203c, 203d) by a
time corresponding to 90 degrees of rotation of
said drum (202) is provided;

a group is formed by a plurality of said tracks, and
recording data are read and written by taking said
group as unit; and

when data already recorded on said track are to be
rewritten, a tracking control signal region in said
recorded data is not rewritten but only a data
region is rewritten by synchronizing said first mag-
netic heads (203a, 203b) by means of said delay
means while performing reproduction operatoin by
means of said second magnetic heads (203c,
203d).

2. A magnetic tape memory apparatus using
helical scan scheme according to Claim 1, wherein
said delay means generates a timing signal by
delaying a rotation synchronization signal of said
drum (202) by 90 degrees.
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3. A magnetic tape memory apparatus using
helical scan scheme according to Claim 1, wherein
said first magnetic heads (203a, 203b) are heads
used for both recording and reproduction, and
when aiready recorded data are to be rewritten,
tracking and reproduction operation are performed
by using said second heads (203c, 203d) while
said track is reproduced again by said first mag-
netic heads (203a, 203b) to detect the terminal end
of the tracking control signal region and rewrite the
data region alone.

4. A magnetic tape memory apparatus using
helical scan scheme including a first pair of mag-
netic heads (203a, 203b) having mutually different
azimuth angles disposed on a peripheral face of a
rotating drum (202) at an angle interval of 180
degrees so as to oppose each other, a second pair
of magnetic heads (203c, 203d) disposed on the
peripheral face of the rotating drum (202) so as to
be perpendicular to the disposition direction of said
first magnetic heads (203a, 203b), magnetic tape
helically wound around an axis of the rotating drum
(202) over an angle of 90 degrees, said tape being
traveled while said rotating drum (202) being rotat-
ed. azimuth recording being performed by said first
magnetic heads (203a, 203b) having wider gap
width (W1) than track pitch (P) recorded on said
tape without providing a guard band, a plurality of
slant magnetic tracks formed for recording digital
signals by slantly scanning said magnetic tape
successively, and a tracking control signal for
tracking control in reproduction operation provided
with an area separated from that of the data signal
on each of said tracks, the data signal and the
tracking control signal being recorded by said first
magnetic heads (203a, 203b) when newly recording
data onto the tape, the second magnetic heads
(203c, 203d) being capable of successively re-
producing the recording tracks immediately after
recording, wherein
said second magnetic heads (203c, 203d) are used
exclusively for reproduction and are positioned with
a downward shift of a predetermined amount in the
height direction of said drum (202) as compared
with said first magnetic heads (203a, 203b);
means for detecting a start position of said data
signal region out of the signal reproduced by the
first magnetic heads (203a, 203b) is provided;
means for supplying an offset to a signal represent-
ing an amount of off-track discriminated from a
tracking signal read out from said recording track is
provided:

a group is formed by a piurality of said tracks, and
recorded data are read and written by taking said
group as unit;

when already recorded data are to be rewritten,
said tracking control signal is reproduced by said
second magnetic head (203c, 203d) to control so
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that the tracking scanning position of said first
magnetic heads (203a, 203b) may coincide with the
recording track already recorded, and said tracking
control signal region aiready recorded by said first
magnetic heads (203a, 203b) is not rewritien but
only the data region is rewritten.

5. A magnetic tape memory apparatus using
helical scan scheme according to Claim 4, wherein
tracking control having said off-track is performed
by said first magnetic heads (203a, 203b).

6. A magnetic tape memory apparatus using
helical scan scheme according to Claim 1, wherein
said first pair of magnetic heads (203a, 203b) are
handled by one channel obtained by mutually con-
necting input and output signals of said first pair of
magnetic heads (203a, 203b) in series, and said
second pair of magnetic heads (203c, 203d) are
handled by two channels having input signals and
output signals in parallel.

7. A magnetic tape memory apparatus using
helical scan scheme according to Claim 4, wherein
said first pair of magnetic heads (203a, 203b) are
handled by one channel obtained by mutually con-
necting input and output signals of said first pair of
magnetic heads (203a, 203b) in series, and said
second pair of magnetic heads (203c, 203d) are
handled by two channels having input signals and
output signals in parallel.
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